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ABSTRACT 



.... 331/25 X 



A frequency synthesizer takes advantage of the simplic- 
ity of the phase lock loop and the rapid settling time and 
spectral purity of direct methods of frequency synthe- 
sis. "Approximations" and resulting frequency output 
errors are controlled and optimized to provide high 
performance, low noise, rapid frequency acquisition 
and stabilization, wide frequency range, high frequency 
resolution, and high accuracy and stability. In one em- 
bodiment, phase locked loops provide an output fre- 
quency with a resolution considerably less than the 
reference frequencies due to the application of a unique 
direct synthesis method. Additional resolution (and 
correction of error due to the approximations) is ob- 
tained by slightly varying the frequency of the master 
reference frequency. As direct frequency synthesis does 
not suffer from the long lockup times associated with 
phase locked loops operating at low reference frequen- 
cies, such small frequency changes can be made almost 
instantaneously. Resolutions on the order of hertz or 
even millihertz can be implemented with extremely 
rapid PLL lockup time using this technique. 

27 Claims, 28 Drawing Sheets 
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[57] ABSTRACT 

A monolithic device is shown having a number of phase 
locked loops (PLLs) constructed thereon. At least one of the 
PLLs is constructed as a multiple loop having an output of 
one PLL loop tied back to the feedback path of the other loop 
of the pair. In this manner, tight resolution can be obtained 
in one loop while the bandwidth of that loop is coarse. The 
bandwidth of the second loop is tight, thereby giving good 
resolution to the first loop while still avoiding the problems 
inherent with noise injection locking from other PLLs on the 
same device. 

9 Claims, 2 Drawing Sheets 
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MULTIPLE MONOLITHIC PHASE LOCKED Thus, it is one technical advantage of this invention that 

LOOPS two or more PLL can be constructed on the same substrate 

by designing at least one of the PLLs as a dual loop PLL, one 
TECHNICAL FIELD OF THE INVENTION of the pair having a coarse resolution while the other of the 

s pair having a fine resolution. 
This invention relates to the design of Phase Locked . , , ^ . . « ^ , . . 

Loops (PLL) and more specifically to die design of mono- » 8 ^vantage of this invention to 

litfaic systems requiring multiple Phase-Locked Loops P™ vlde a PLL .^signed for a fine resolution 

(PLL) on the same integrated circuit. frequency step while avoiding injection locking. 

The foregoing has outlined rather broadly the features and 
BACKGROUND OF THE INVENTION 10 technical advantages of the present invention in order that 

, . ..... the detailed description of the invention that follows may be 

Phase-Locked Ux>ps are used in a variety of applications. ^ Mdcrstood Additional fcaturcs ^ advantages of the 
such as clock recovery, frequency ^ and phase moduUUon wiU ^ dcsaibed hcrcinaftcr which form mc 

and frequency synthesizers Monolithic iiiipleinentoUon of rf ^ claims of mc It should ^ 

designs using PLLs ^currently exist. A concern of designs 15 ^ b thosc m ^ ^ ^ ftc COflCcption ^ mc 

requiring multiple PLLs ; in monolithic form is coupling ^/ cmbocfiMt may be readily utilized as a 

between the PLLs due to the sharing of a common substrate. ^ f or modifying or designing other structures for carry- 
Of particular concern is the phenomenon of injection m g out me samc purposes of the present invention. It should 
locking whereby a PLL can lock to the frequency of a ^ ^ rca lized by those skilled in the art mat such equiva- 
periodic injected signal such as could occur from a periodic 20 leflt const ructions do not depart from the spirit and scope of 
induced noise signal. This is discussed in depth in the book the invention as set farm in the appended claims. 
"Phase-Locked Loop Circuit Design" by Don Walaver 

(Prentice Hall), which is incorporated by reference herein, BRIEF DESCRIPTION OF THE DRAWINGS 

The injected signal has the effect of modifying the band- ' • . 

widmofmePIXbyanoffsetreUtedtomelevdofon^iip 25 For a more complete uaderstanding of the present 
noise signal injection, locally, in order to minimize the invention, and the advantages thereof, reference is now 
effect of this injection, the bandwidth of the PLL is made to the ^owmg descriptions taken in conjunction with 

much larger than the offset due to injection. the accompanying drawings, in which: 

An example of the problem with the prior art is shown in ™; * shows f«J cnibodiment of the invention having 
FIG. 2 where two PLLs 20 and 21 are used to perform 30 multiple phase lock loops (PLLs) with one of the loops being 
frequency synthesis. For both PLLs existing on a common a loo P ; and 
substrate, noise would couple in both directions between FIG. 2 shows a typical prior art PLL. 
PLL 20 and PLL 21. The output frequency of the synthesizer _______ xt ___ 

is related to the input frequency by its divide ratio, N. The DESCRIPTION OFTTffiPREFERRED 

divide ratio also has the effect of reducing the bandwidth of 33 EMBODIMENTS 
the PLL by a factor of N. The implementation of a wide prior to beginning a discussion of the operation of the 
bandwidth system to avoid injection locking requires a large invention, it might be best to review the prior art with respect 
gain in the signal path from the phase detector to the VCO to FIG. 2. 

output This is imd^irable since this gain increases the level nG 2 & QWS ^ block ^ag^ of a pll design 

of phase noise at the VCO output due to noise coupling in w used prior art Here both PLL's circuit 20 and 21, are 
this signal path. identical to each other. The PLL's are constructed as feed- 

Also, to implement a fine resolution synthesizer, a fine back loops, circuit 20 consisting of a phase detector 201 
resolution reference frequency would be required at the connected to filter 202, which drives voltage controlled 
input. However, this introduces the problem of spurious oscillator (VCO) 203 connected to divider Nl 204. which is 
modulation of the output frequency due to the wide band- fed back to the phase detector 201. In response to a mis- 
width of the PLL relative to the fine resolution input match between the reference signal FR1, and the output of 
frequency. the divider, phase detector 201 generates an offset voltage at 

Accordingly, it is desirable to provide more than one PLL filter circuit 202. In response to this offset voltage. VCO 203 
on a single substrate, each having a bandwidth in keeping $q adjusts its output frequency such that when divided by the 
with the desired resolution in the PLL but without noise divide ratio Nl, the signal is locked in phase and frequency 
interference between the multiple PLLs. to the reference input, FR1. 

A concern of multiple PLL's existing on a common 
substrate is injection locking, whereby a PLL can lock to the 



SUMMARY OF THE INVENTION 



The foregoing problems have been solved by the imple- 55 frequency of a periodic injected signal. Id the example of 

mentation of a dual-loop PLL consisting of a coarse reso- FIG. 2. injection locking could occur whereby circuit 20 

luuon PLL and a fine resolution PLL. The design allows for could lock in frequency to the injected signal due to F02 

thc coarse PLL to provide a fine resolution frequency step coupling through a common substrate. Similarly, injection 

based on the fine resolution PLL. The coarse resolution PLL locking could occur such that circuit 21 could lock in 

is operated at a wide bandwidth to avoid injection locking 60 frequency to the injected signal due to FOl coupling through 

due to on-chip noise coupling from other on-chip PLLs, a common substrate. 

while the fine resolution PLL operates at a lower operating FIG. 1 shows the block diagram of one embodiment of the 

frequency with a narrower bandwidth. This dual loop PLL dual-loop synthesizer 10, showing two or more PLL's 

effectively isolates the PLL output from variations caused by constructed on a common substrate 13. PLL 10A is used to 

noise injection, while still allowing far a narrow bandwidth. 65 provide a coarse resolution based on the input frequency 

Thus, fine frequency resolution can be achieved in a multiple FR1, and PLL 10B is used to provide a fine resolution based 

monolithic PLL environment on the input frequency FR3. PLL 10B operates indepen- 
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dently of PLL 10A, where the output of PLL 10B is applied 
as an input to mixer 12. The divide ratio of PLL 10B is N3 
and is set by circuit 105B to provide an output frequency 
range greater than the resolution step of PLL 10A. This 
insures that the output of PLL 1#A is able to lock at any fine 
resolution step based on PLL 10B within its coarse resolu- 
tion step, defined by circuit 105 A. 

Mixer 12 is connected directly in the feedback path of 
PLL 10A. This forces output FOl of voltage controlled 
oscillator VCO 103A to adjust its frequency for the differ- 
ence frequency due to output frequency F03 of VCO 103B. 
Thus, frequency FOl now has a frequency resolution at its 
output based on the resolution of input frequency FR3. while 
maintaining a coarse reference frequency. 

Based on the level of on-chip noise injection 14, the 
bandwidth of PLL 10A can be set to a large value to avoid 
injection locking from PLL 11. Similarly, the bandwidth of 
PUL 11 can be set to a large value to avoid injection locking 
from PLL 10A. The assumption being that FOl and F02 are 
both high frequencies close to each other in frequency. 

By maintaining a coarse reference frequency FR1, the 
spurious modulation is significantly reduced at the output of 
PLL IDA. Also, the divide ratio Nl circuit 105A is reduced 
by the frequency range provided by PLL 10B. This reduces 
the gain required in the signal path from the phase detector 
to VCO 103A for PLL 10A. This is desirable as this reduces 
me phase noise at the VCO 103A output due to the reduced 
gain in this signal path. 

The bandwidth of PLL 10B can be made significantly 
smaller than the bandwidth of PLL 10A while avoiding 
injection locking in PLL 10B. This is possible since the 
operating frequency of PLL 10B is much lower than in PLL 
lOAorinPLLll. 

Typically, Nl would be 6-bits wide or 64, N2 would be 35 
5- bits wide or 64, and N3 would be 10-bits wide or 1024. 
Also, typically. FR1 would be 16 MHz, FR2 would be 16 
MHz, FR3 would be 100 KHz, and FOl would be 1.0 GHz, 
F02 would be 1.0 GHz and F03 would be 100 MHz. 

Also, VCO 103B of PLL 10B can be made fully differ- 
ential to provide rejection due to noise coupling, the rejec- 
tion being much higher at the lower operating frequency of 
PLL 10B. 

As shown, for injection locking to occur in PLL 10A it 
would have to lock to a sub-harmonic of the signals injected 
from PLL 10B and PLL 11. This, as is well-known, has a 
much smaller likelihood than locking to the injected signal 
itself. 

While a dual-loop FIX has been shown and discussed 
herein, the same concept could be used for several loops, 
each having a different resolution. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention 
as defined by the appended claims. 

We claim: 

1. An arrangement of a plurality of phase locked loops 
(PLLs), wherein at least one of the PLLs is arranged as a 
multi-looped PLL circuit, said arrangement comprising: 
a common, monolithic substrate; 
a first PLL is mounted on the common substrate and has 
a coarse resolution in relation Co the input frequency to 
said first loop, wherein said first PLL includes an input 65 
for receiving a signal having a frequency with a vari- 
able phase, a first VCO output for providing a phase 
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controlled frequency signal a first feedback loop for 
providing at least a portion of said first VCO output 
signal back to the input of said first PLL and a first 
phase detector for comparing the phase of said input of 
said first PLL signal with the phase of said feedback 
loop signal, the output of said first PLL phase detector 
being provided to an input of said first VCO; 

a second PLL is mounted on the common substrate and 
has a fine resolution in relation to the input frequency 
to said second loop, wherein said second PLL includes 
an input for receiving a signal having a frequency with 
a variable phase, a second VCO output for providing a 
phase controlled frequency signal, a feedback loop for 
providing at least a portion of said second VCO output 
signal back to the input of said second PLL and a 
second phase detector for comparing the phase of said 
second PLL input signal with the phase of said second 
P LL feedback loop signal, the output of said second 
PLL phase detector being provided to an input of said 
second VCO; and 

a mixer that is mounted on the common substrate and is 
connected in said first feedback loop, said mixer having 
inputs from the outputs of both said first PLL VCO and 
said second PLL VCO and an output that supplies a 
signal in the first feedback path, whereby injection 
locking is substantially eliminated. 

2. The arrangement set forth in claim 1 wherein said 
second PLL VCO is fully differential. 

3. The arrangement set forth in claim 1 wherein said first 
and second feedback loops each include a divide by N 
circuit, wherein the N for said second loop is set to provide 
an output frequency range greater than the resolution of said 
first PLL. 

4. The arrangement set forth in claim 3 wherein a third 
PLL circuit mounted on said common substrate has a third 
feedback loop containing a divide by N circuit where N for 
both the first and third PLLs is 6-bits and the N for the 
second PLL is 10-bits. 

5. The arrangement set forth in claim 1 wherein the 
bandwidth to avoid noise injection locking from a third PLL 
on said substrate is in the range of 1.0 MHz and wherein said 
first PLL has a bandwidth in the range of 1.0 MHz and 
wherein said second PLL has a bandwidth in the range of 
10.0 KHz. 

6. A method of operating a plurality of monolithic PLLs, 
said method comprising the steps of: 

mounting the plurality of PLLs on a common, monolithic 
substrate; 

applying a first signal to a first PLL of a multi-looped 
PLL; 

phase adjusting said first signal as a result of a comparison 
against a controlled reference signal; and providing 
said phase adjusted input signal as a working phase 
controlled output signal; said conn-oiled reference sig- 
nal generated by the steps of: 

mixing at least a portion of said output signal with at least 
a portion of an output signal generated by at least one 
other PLL circuit, said one other PLL having a free 
resolution bandwidth in comparison with the resolution 
bandwidth of said first PLL, whereby injection locking 
is substantially eliminated. 
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7. The method set forth in claim 6 where the resolution of 
said first PLL is in the range of 6-bits and wherein the 
resolution of said other PLL is in the range of 10-bits. 

8. The method set forth in claim 6 wherein the bandwidth 
to avoid noise injection locking from another PLL on the 
common substrate is in the range of 1.0 MHz and wherein 
said first PLL has a bandwidth in the range of 1.0 MHz and 



wherein said second PLL has a bandwidth in the range of 10 
KHz. 

9. The arrangement set forth in claim 3 wherein the N for 
the first loop is 6-bits and the N for said second loop is 
10-bits. 
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